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Abstract - A flight control system (FCS) is a major component of an aircraft. It allows the pilot to monitor the forces of
flight, direction and attitude of the aircraft during flight. A flight control system regulates the necessary inputs to manipulate
the control surfaces for the pilot to monitor the aircraft. They include cockpit controls, connecting linkages, aircraft engine
controls, and necessary operating mechanisms. In a conventional mechanical flight control system, a system breakdown can
be catastrophic as there are no other alternative backups. It is, therefore, necessary to formulate a system that is developed
with a considerable amount of redundancy & fault tolerance. Thus, the main objective of this project is to design and
implement a flight control system using a field programmable gate array (FPGA). The performance of the FPGA-based FCS
system is better than that of the conventional microcontroller and the DSP chip-based UAV flight control system, and it has
several useful applications and benefits. The entire flight control system is divided into four modules navigation control

module, flight control module, sensor driver module, and Avalon bus control module.

Keywords - Unmanned Aerial Vehicle (UAV), Flight Control System (FCS), Field Programmable Gate Array (FPGA), GPS

(Global Positioning System).

1. Introduction

The FCS is an essential part of an aircraft that gives
pilots control and maneuverability while in the air. The FCS
uses various sensors and actuators to interpret pilot inputs
and adjust the aircraft's control surfaces, such as ailerons,
elevators, and rudder, to achieve the desired flight
parameters [1]. The FCS system is essential for maintaining
an airplane's stability and control, as it detects inputs from
sensors and automatically adjusts control surfaces to
stabilize the aircraft and ensure a predictable response to
pilot commands. Pilots can manipulate the control inputs to
adjust the aircraft's pitch, roll, and yaw, enabling them to
manage the aircraft's attitude [3]. Many modern planes have
autopilot integrated into their FCS, which can use inputs
from GPS and other sensors to navigate and maintain the
desired settings, allowing pilots to take a break from
continuous manual control. FBW, short for Fly-By-Wire
System, is an electronic substitute for traditional mechanical
systems connecting cockpit controls with aircraft control
surfaces. In FBW systems, electronic signals are used to
transmit the pilot's instructions to the onboard computers,
which decide how to move the control surfaces. FBW offers
several benefits, such as increased stability and control and
reduced weight and maintenance requirements [4]. In order
to ensure that the aircraft can continue to operate even if a
component fails, safety procedures that identify mistakes or
system abnormalities are built into flight control systems.
This involves using multiple sensors and actuators, so the

system can switch to a backup if one component
malfunctions. The FCS could have functionalities to ensure
the airplane does not surpass its safe operational boundaries.
Flight envelope protection features keep an eye on a number
of variables, including the plane's speed and angle of attack,
to prevent dangerous manoeuvres or stall situations. An
aircraft's safe and efficient operation depends on a flight
control system. By incorporating advanced technology
alongside automation systems as well as taking into account
inputs from the pilot, can maintain stability and control
across all stages of flight [6]. The process of designing and
implementing a flight control system utilizing an FPGA
necessitates the integration of several elements and
algorithms to achieve stable and precise aircraft control. The
system specifications must be defined, which includes the
desired flight dynamics, control modes, sensor inputs, and
desired outputs. Interfacing the sensors with the FPGA,
implementing control algorithms for stabilization and
navigation, and interfacing the actuators with the FPGA are
all essential steps in the process. The interconnections, data
busses, and control interfaces within the FPGA must be
designed and implemented to form a complete flight control
system [8]. A testing and verification plan to validate the
functionality and performance of the FCS must be
developed, and the system's performance must be analysed
and optimized as needed. To ensure safety and reliability,
redundancy measures such as redundant sensors, voting
logic, and fault detection mechanisms can be implemented.
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It is important to note that designing a flight control system
requires a profound understanding of control theory, flight
dynamics, and FPGA programming. In order to guarantee
the security and dependability of the FCS, it is advised to
seek the advice of subject matter specialists and adhere to
accepted industry norms and rules [10]. The flight control
system comprises four modules: navigation control module,
flight control module, sensor driver module, and Avalon bus
control module. The sensor driver module's primary
responsibility is to control the system's sensors, which are
used for data collection and pre-processing. The pre-
processed data is subsequently entered into the navigation
control IP core and flight control IP core through the bus
and any applicable communication protocol rules. Second,
there are two primary functions for the navigation control IP
core module. The initial objective is to thoroughly process
the data gathered by the accelerometer, magnetoresistance
metre, gyroscope, and other sensors to obtain stable flight
altitude information. In order to gain exact navigational data
regarding the flight, the second step entails processing data
gathered by SINS, GPS, airspeed metres, and altimeter
using the extended Kalman filters technique. Thirdly, the
flight control IP core module will mainly compute the
navigation data and ground control signals. The results and
control signals are then output to the flight servo mechanism
using the matching algorithm. The drive signal regulates the
brushless DC motor, which in turn regulates the flight path
and altitude. The final component that sets the
communication protocol for the whole flight control system
is the Avalon bus control module. This guarantees reliable
and fast data transfer between each module, ultimately
enabling exact aircraft control [12]. The Field
Programmable Gate Array (FPGA) technology enables
parallel processing, allowing for multiple bits to be
processed simultaneously. It also allows for a large number
of gates to be integrated into a single chip, which is essential
for reducing the volume of the system. Additionally, using
FPGA technology can result in cost savings. Code
parallelization can increase processing speed in both FPGA
and other hardware components, and the software employed
in the system architecture can substantially impact the total
performance. FPGAs are frequently employed as the
principal architecture platform in flight control systems in
contemporary flight development because they provide
quick and effective answers while validating the concept
and saving time. The FPGA/DSP-based controller is the
ideal approach utilised for FCS implementation because of
its low power consumption, quick reaction, small size, and
compatibility with applications. Other approaches include
PID Controller, a combination of PID Controller with
Kalman filter, and fuzzy logic Controller [15]. The flight
control module will be coded using Verilog language and
implemented on an FPGA.
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2. Related Works

Blake Fuller, Jonathan Kok et al. worked on [1]
developing a small UAV capable of autonomous operation
despite constraints such as limited processing capabilities,
power, and size. The team established connectivity between
the onboard flight computer and the FPGA-based path
planner using the MAVLink protocol.

The four techniques for autonomous flight control
systems, including fuzzy logic, PID controller, FPGA/DSP
technology, and Kalman filter, were reviewed in [3]. The
resulting system exhibited characteristics suitable for
unmanned aviation applications.

Using FPGA embedded systems, Noe' Monterrosa et
al.'s research paper [4] from September 2017 described a
flight controller based on a state machine technique. The
controller responded quickly to stimuli from sensors and
was adaptable in calibration.

A dual-core UAV flight control system based on an
FPGA chip's high-speed parallel processing capability and
Altera's SOPC development tool Qsys [6] was presented by
Kun Zhang et al. in April 2019. The system was highly
integrated, robust, and had strong refactoring capabilities.

The research [7] offers a power line identification
system based on field-programmable gate arrays (FPGAS)
and stereo vision technologies. The system's goal is to detect
power lines in real-time, correctly and effectively.

In the research [8], they provide a field-programmable
gate array (FPGA) based video image monitoring system for
bus lanes. The system's goals include providing real-time
video analysis, processing, and efficient bus lane
monitoring.

The paper [10] provides a control system that makes
use of an Extended Kalman Filter (EKF) as an observer for
the health monitoring of a metal-polymer hybrid soft
actuator. The control structure's goal is to monitor the
actuator's state of health and find any potential flaws or
irregularities.

3. Proposed Work
3.1. Block Diagram

External Ni\élngté:glon
inputs
P module
Sensor Flight
driver control
module module

Fig. 1 Block diagram



P. Anjaliet al./ 13VSP, 10(2), 12-16, 2023

3.2. Methodology

The entire design was designed using Matlab Simulink.
The motor or propeller block with voltage as the input was
designed first. It produced thrust and torque as the output.
The outputs of the motor or propeller block were fed as
input to the rotational dynamic block. Since integration is an
easy operation in Simulink, the output from the rotational
dynamic block, which is angular acceleration, was given as
input to an integrator which gave rotational velocity. The
rotational velocity on further integrating gave theta, which is
the angle.

The force which was taken as the output from the motor
or propeller block was fed as an input to the linear dynamic
block, which gave linear acceleration as the output. Linear
acceleration on further integrating gave linear velocity,
which was made to pass an integrator block and give us the
linear position. A drag disturbance block was created with
wind gusts as the input along the three axes to understand
better the disturbances that will affect the flight controller.
Disturbance, which was the disturbance block's output, was
used as the linear dynamic block's input to produce an exact
linear position. Since the navigation control module can
only accept voltage as an input, we used a human control
block to convert attitude variables such as yaw, pitch, and
throttle to voltage. The values for yaw, pitch, roll, and
throttle are fed manually. The linear position is fed back to
the summer, which performs the desired calculation
required for flight movements. The PID controller block
quickly implements all the corrections required for the
block.

The code we used in Matlab Simulink is converted into
Verilog and an extra 8:1 mux to see the outputs separately in
FPGA.

3.3. Hardware and Software Requirements
3.3.1. Hardware Requirements

FPGAs play a significant role in system development.
The four fundamental modules in this project are designed
using the Matlab Simulink software. The flight control
module is also programmed in Verilog and implemented on
an FPGA.

3.3.2. Software Requirements

Throughout the design process of this project, the
software program Simulink is being used, specifically the
most recent version, R2022a. Matlab permits users to write
code and construct blocks. The codes are written on the
command window, while the blocks are available in
Simulink's libraries. Simulink, Simulink 3D analyzer, and
DSP system tools are a few of the libraries. The ability to
provide desired inputs to the code is one of Simulink's main
benefits.
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The flight control module is designed in Verilog
language and simulated using Model Sim.

For better waveform simulation, visual editing of logic
circuits, and hardware description, Quartus Prime has an
implementation of VHDL and Verilog. This software is
used to get RTL view and implement it on hardware.

4. Results and Discussion

Fig. 3 Output waveform (negative drag)
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' Fig. 4 Output waveform (zero drag)
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Fig. 5 Model Sim output waveform (case I)

The simulated output of the FCS is shown in Figures
2,3, and 4, where the flying position is visible under three
different conditions. The first type of drag is a positive drag,
where the linear position is in a downward or negative
direction.
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The second is the negative drag, which occurs when the
FCS is positioned positively or upward. The third one is
zero drag. In that, the linear position is more towards the
Zero axis.
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Fig. 6 Model sim output waveform (case 1)

The flight control module's simulated output with
inputs v1=14V, v2=150V, v3=214V, and v4=146V is
depicted in Figure 4 by ModelSim. Here, we varied the
voltages and examined the output in the throttles. Figure 6
shows the flight control module’s simulated output with
inputs v1= 397V, v2=42V, v3= 5469V, v4= 341,

5. Conclusion

Unlike the FCS, which was used in earlier days like the
mechanical and microcontroller based, the designed one is
more efficient. The mechanical-based flight control systems
were found to be heavy. They also required careful routing
of cables. Since the routing had to be done cautiously, there
was a need for redundant backup, which increased the
weight of the FCS. Microcontroller-based flight control
systems have less capacity for onboard processing of
autonomous real-time image processing for path planning
and avoidance.
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